Data cannot be shared publicly due to patient privacy and ethical approvals received. However, data will be available from the University of Washington Global Center for Integrated Health of Women, Adolescence, and Children for researchers who meet the criteria for access to confidential data. Please direct requests to <info@globalwach.org>.

Introduction {#sec004}
============

Poor linear growth is a ubiquitous marker of chronic undernutrition. Stunting, defined as less than two deviations below the WHO length-for-age standard, is common in sub-Saharan Africa affecting more than a third of children under 5 \[[@pone.0235704.ref001]\]. Suboptimal linear growth in the first two years of life is associated with increased risk of mortality from infectious diseases \[[@pone.0235704.ref002]\], cognitive delays \[[@pone.0235704.ref003],[@pone.0235704.ref004]\], and reduced adult work capacity \[[@pone.0235704.ref005]\].

Diarrheal disease has long been investigated as a potential cause of stunting with evidence that diarrhea leads to weight loss and eventually linear growth faltering in the absence of sufficient illness-free periods with adequate nutrition to support catch-up growth \[[@pone.0235704.ref006]--[@pone.0235704.ref011]\]. Results from a robust cohort study found limited effect of childhood diarrhea on linear growth \[[@pone.0235704.ref012],[@pone.0235704.ref013]\] and interventional studies testing treatment and prevention of diarrhea to improve linear growth have had mixed results \[[@pone.0235704.ref014]--[@pone.0235704.ref017]\]. We hypothesize diarrhea severity \[[@pone.0235704.ref008]\], cumulative burden \[[@pone.0235704.ref018],[@pone.0235704.ref019]\], and timing of diarrhea \[[@pone.0235704.ref011],[@pone.0235704.ref020]\] may explain differences in the diarrhea and linear growth relationship seen in observational and interventional studies. Understanding these sources of heterogeneity may provide insight into how to target interventions to prevent linear growth faltering, and ultimately stunting, in young children.

In sub-Saharan Africa, children born to women living with HIV (WLWH), but whom themselves are uninfected (HEU) represent a growing population at risk for linear growth faltering. HEU children are at increased risk for infection with enteric pathogens, experience more frequent bouts of diarrhea, and are at higher risk of developing more severe diarrhea than their unexposed counterparts \[[@pone.0235704.ref021]--[@pone.0235704.ref024]\]. These vulnerabilities may be a consequence of in-utero HIV or antiretroviral treatment (ART) exposure, increased postnatal pathogen exposure from their HIV-infected mother \[[@pone.0235704.ref022],[@pone.0235704.ref025],[@pone.0235704.ref026]\], or sociodemographic challenges \[[@pone.0235704.ref022],[@pone.0235704.ref024],[@pone.0235704.ref027],[@pone.0235704.ref028]\]. This population may serve as a model for discerning relationships between diarrheal illness and linear growth faltering because they are at high risk of both conditions. Utilizing data from a birth cohort of HEU infants from Nairobi, Kenya, we aimed to determine the effect of diarrhea severity, cumulative burden, and timing on linear growth.

Methods {#sec005}
=======

Study design {#sec006}
------------

This secondary analysis utilized data collected from a previously accrued cohort of HIV-infected women and their infants described in detail elsewhere \[[@pone.0235704.ref029]--[@pone.0235704.ref031]\]. In brief, from 1999--2002 HIV-infected women recruited during pregnancy (≤32 weeks gestation) in Nairobi, Kenya were followed with their infants for one year after birth. Mothers received short-course zidovudine to prevent maternal-to-child transmission of HIV according to Kenyan National guidelines at the time of the study \[[@pone.0235704.ref032]\]. In addition, women with severe immunosuppression (CD4 count \<200 cells/μl) received cotrimoxazole prophylaxis. Mothers did not receive antiretroviral therapy (ART) during breastfeeding and infants did not receive cotrimoxazole prophylaxis, per the standard of care at the time of the study.

Data collection {#sec007}
---------------

All data were collected following standardized procedures and data collection forms by study staff as part of the parent study. Infant recumbent length measurements were collected using a length board during monthly routine study visits from birth to 12 months of age. Length-for-age z-scores (LAZ) were calculated using the WHO Anthro macro developed for Stata and based on the 2006 WHO Child Growth Standard \[[@pone.0235704.ref033]\]. Infant morbidities, including diarrhea, were documented at monthly routine study visits through a clinical exam or when mothers were asked about infant illness and breastfeeding in the past month. Mothers were encouraged to bring their infant to the study clinic at any point during follow up if the child was sick, where morbidity diagnoses, including diarrhea, were recorded.

Statistical analysis {#sec008}
--------------------

Singleton or firstborn twin infants with documentation of sex, at least one negative HIV DNA polymerase chain reaction (PCR) test, and at least two recorded length measurements were included in the present analysis. Infants with a positive HIV DNA PCR test at or before one month of age were considered perinatally infected and excluded from the analysis. Infants were censored from the analysis cohort at their last HIV-negative test during the 12-month follow-up.

Diarrhea was defined as any diarrhea episode reported by the mother since the last study visit or a clinician diagnosis of diarrhea at any study visit (routine or sick visit). Diarrheal episodes occurring within 14 days of one another were counted as the same episode to conservatively avoid double counting of diarrhea episodes. Clinician diagnosis of diarrhea at sick visits was considered diarrhea even if diarrhea was not the primary diagnosis. An episode was classified as moderate-to-severe diarrhea (MSD) when diarrhea occurred with dysentery or dehydration, or there was a diarrhea associated hospitalization \[[@pone.0235704.ref020]\].

An infant was considered breastfed if the mother reported the infant receiving any breastmilk in the last 24 hours at a routine study visit. Incidence of diarrhea and average breastfeeding duration were calculated using interval censoring methods to censor person-time for missed visits and 7 days before and after a diarrhea episode (for incidence of diarrhea only).

We determined the effect of any diarrheal episode in a month (short-term effect), cumulative burden, and timing of a diarrheal episode on LAZ in the following month, throughout the first year of an infant's life. To determine the specific relationship of diarrhea with LAZ, we also assessed each effect type by diarrhea severity (MSD).

To estimate the association between short-term effect of diarrhea and linear growth in the following month, we used repeated measures linear regression models with generalized estimating equations to account for within-person correlation of repeated measurements on the infant throughout the first year. Diarrhea variables (total diarrhea or MSD episodes in a given month) had a 1-month lag effect to reflect the biologic relationship between diarrhea and linear growth. For example, diarrhea occurring between month one and two were considered exposures relevant to LAZ outcome at three months. Models were adjusted for infant age in months (continuous using restricted cubic splines), LAZ at the start of the monthly interval (continuous), household crowding (≥ 2 vs \< 2 persons per room), exclusive breastfeeding, and maternal education (\> primary vs ≤ primary education).

To estimate the cumulative burden of diarrhea in the first 11 months on LAZ at 12 months, we used linear regression models adjusted for LAZ at birth, household crowding, exclusive breastfeeding for the first three months of life (75^th^ percentile for exclusive breastfeeding duration), and maternal education. To reduce potential bias in estimates of cumulative diarrhea due to missing visits during the first 11 months, we used multivariable Normal regression models with Markov chain Monte Carlo method to impute missing values (m = 10 imputations) of the number of diarrhea episodes for missed visits \[[@pone.0235704.ref034]\]. Length measurements at 12 months were not imputed and thus visits missing LAZ at 12 months were not included in the final analysis.

We used repeated measures linear regression models with generalized estimating equations with an interaction term to assess any difference in the short-term association between diarrhea and linear growth based on the timing of infant diarrhea in the first 1--6 months of age and 7--12 months of age. Diarrhea variables (total diarrhea or MSD episodes in a given month) had a 1-month lag effect. Models included the diarrhea variable of interest, age (an indicator of first or second 6 months of life), an interaction term between diarrhea and age, LAZ at the start of the monthly interval, household crowding exclusive breastfeeding, and maternal education.

The original cohort study and secondary analyses were approved by the Kenyatta National Hospital Ethics and Research Committee and the University of Washington Institutional Review Board. All statistical tests used 2-sided p-values and alpha of 0.05 to determine statistical significance. Participants with missing confounding variables were excluded from relevant analyses. All analyses were conducted in Stata 15.1 (StataCorp, College Station, Texas).

Results {#sec009}
=======

The parent study enrolled 510 pregnant WLWH and 468 infants with a recorded live birth. Of these 78 were HIV positive at birth or had no HIV negative test after birth, 17 had no regular follow up visit and 1 was missing documentation of infant sex ([Fig 1](#pone.0235704.g001){ref-type="fig"}). Characteristics of the 372 remaining HEU infants and their mothers are presented in [Table 1](#pone.0235704.t001){ref-type="table"}. About half (52%) of infants lived in homes with a pit latrine versus a flush toilet and the majority (84%) of infants lived in crowded households (≥2 persons per room). Most (74%) infants were breastfed, and exclusively breastfed for an average of 2.0 months (range 0--7). Less than half (42%) of mothers had more than a primary education. Prior to delivery, mothers' median CD4 count was 450 cells/μl (Inter Quartile Range \[IQR\]: 316--619) and median HIV VL was 4.7 log~10~ copies/ml (IQR: 4.1--5.2).

![Flow diagram depicting the section of infants included in the current analysis.](pone.0235704.g001){#pone.0235704.g001}

10.1371/journal.pone.0235704.t001

###### Selected characteristics of the 372 mothers and HEU infants included in the analysis[^1^](#t001fn001){ref-type="table-fn"}.

![](pone.0235704.t001){#pone.0235704.t001g}

                                                     N (%)[^2^](#t001fn002){ref-type="table-fn"} Mean (min, max)   
  -------------------------------------------------- ------------------------------------------------------------- ---------------
  **TOTAL**                                          **372**                                                       
  **Home environment factors**                                                                                     
      Pit latrine                                    193                                                           \(52\)
      Flush toilet                                   179                                                           \(48\)
      ≥ 2 persons/room in house                      314                                                           \(84\)
      \< 2 persons/room in house                     55                                                            \(15\)
  **Maternal factors at 32 weeks gestational age**                                                                 
      Age (years)                                    25                                                            (18, 42)
      \> primary education                           155                                                           \(42\)
      ≤ primary education                            213                                                           \(57\)
      Height (cm)                                    161                                                           (144, 183)
      MUAC \< 23.5 cm                                50                                                            \(13\)
      MUAC ≥ 23.5 cm                                 244                                                           \(66\)
      CD4 count \< 200 cells/μl                      28                                                            \(8\)
      CD4 count 200--499 cells/μl                    189                                                           \(51\)
      CD4 count ≥ 500 cells/μl                       147                                                           \(40\)
      Log VL ≥ 4                                     266                                                           \(72\)
      Log VL \< 4                                    67                                                            \(18\)
  **Infant factors**                                                                                                
      Female                                         177                                                           \(48\)
      Male                                           195                                                           \(52\)
      Birth LAZ                                      -0.31                                                         (-5.49, 4.75)
      Exclusively breastfed duration (months)        2.0                                                           (0, 7)

^1^Data summary was previously presented elsewhere \[[@pone.0235704.ref035]\]

^2^Percents may not add to 100% due to missing data

Mean LAZ at birth was 0.31 deviations below the WHO standard (standard deviation \[SD\]:1.47) and 12% (44) of infants were stunted at birth. By one year of age, mean LAZ among the 268 HEU infants with a 12-month length measurement was -0.97 (SD: 1.2) and 17% (46) of the cohort was stunted. Infants in this cohort experienced 684 episodes of diarrhea and 171 episodes of MSD in 319 infant-years of follow up (mean 2.15 episodes of diarrhea \[range: 0--8\] and 0.54 episodes of MSD \[range 0--4\] between birth and 12 months of age). [Fig 2](#pone.0235704.g002){ref-type="fig"} shows mean monthly LAZ among infants who had no diarrhea, at least one episode of diarrhea or at least one episode of MSD in the previous month.

![Mean length-for-age z-score per month of age among children who had no diarrhea (gray,---), any diarrhea (black,---), or moderate to severe diarrhea (MSD;----) in the previous month.](pone.0235704.g002){#pone.0235704.g002}

Short-term effect {#sec010}
-----------------

MSD and any diarrhea were associated with decreased linear growth in the short term, MSD having a greater magnitude of effect ([Table 2](#pone.0235704.t002){ref-type="table"}). MSD was significantly associated with an average loss of 0.14 (95% Confidence Interval \[CI\]: -0.24, -0.05) LAZ per MSD episode, while any diarrhea was associated with loss of 0.05 (95% CI: -0.11, 0.01) LAZ per episode and only trended towards statistical significance.

10.1371/journal.pone.0235704.t002

###### Associations between diarrhea and linear growth.

![](pone.0235704.t002){#pone.0235704.t002g}

                                                                                                             Adjusted Difference in LAZ (95% CI)[^1^](#t002fn001){ref-type="table-fn"}   P-value
  ---------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------- ---------
  **Difference in LAZ after one month per episode (Short-term)**[^1^](#t002fn001){ref-type="table-fn"}                                                                                   
  Diarrhea                                                                                                   -0.05 (-0.11, 0.01)                                                         0.096
  MSD                                                                                                        -0.14 (-0.24, -0.05)                                                        0.003
  **Difference in LAZ at 12 months per episode (Cumulative burden)**[^2^](#t002fn002){ref-type="table-fn"}                                                                               
  Diarrhea                                                                                                   0.01 (-0.07, 0.09)                                                          0.842
  MSD                                                                                                        -0.08 (-0.26, 0.10)                                                         0.368

^1^Adjusted for crowding, exclusive breastfeeding in the last 24 hours, and maternal education

^2^Adjusted for crowding, exclusive breastfeeding for at least 3 months, and maternal education

Cumulative burden {#sec011}
-----------------

There was no association between LAZ at 12 months of age and cumulative total diarrheal episodes ([Table 2](#pone.0235704.t002){ref-type="table"}). An additional MSD episode in the first 11 months of life was associated with a lower LAZ at 12 months (adjusted mean difference \[AD\]: -0.08; 95% CI: -0.26, 0.10), although the result was not statistically significant.

Timing {#sec012}
------

We did not detect a difference between diarrhea occurring in the first versus the second six months of life in the amount of diarrhea effect on LAZ ([Table 3](#pone.0235704.t003){ref-type="table"}). For both time periods, infants with diarrhea had a lower LAZ in the following month compared to infants without diarrhea. An MSD episode in the first six months was associated with a LAZ decline of -0.14 (95% CI: -0.28, -0.01) in the following month. Similarly, an additional MSD episode in the second six months was associated with lower LAZ (AD: -0.15; 95% CI: -0.29, 0.00). However, there was no difference in effect between the two time periods for all diarrhea (difference in adjusted mean difference \[dAD\]: -0.04; 95% CI: -0.15, 0.07; p-value interaction: 0.467) nor MSD (dAD: 0.00; 95% CI: -0.21, 0.20; p-value interaction: 0.976).

10.1371/journal.pone.0235704.t003

###### Difference in LAZ after one month per episode of diarrhea occurring in the first 6 months of life versus 7--11 months.

![](pone.0235704.t003){#pone.0235704.t003g}

                 Adjusted Difference in LAZ (95% CI)[^1^](#t003fn001){ref-type="table-fn"}   P-value
  -------------- --------------------------------------------------------------------------- ---------
  **Diarrhea**                                                                               
  0--6 months    -0.03 (-0.11, 0.06)                                                         0.561
  7--11 months   -0.07 (-0.14, 0.01)                                                         0.081
  **MSD**                                                                                    
  0--6 months    -0.14 (-0.28, -0.01)                                                        0.039
  7--11 months   -0.15 (-0.29, 0.00)                                                         0.054

^1^Adjusted for pit latrine, exclusive breastfeeding in the last 24 hours, maternal education, previous months LAZ (diarrhea month)

Discussion {#sec013}
==========

In response to heterogeneity in the literature regarding the relationship between childhood diarrhea and linear growth, we evaluated the short term and cumulative relationship of diarrhea, as well as the influence of the timing and severity of the episode, with subsequent linear growth in a cohort of HEU infants. In our analysis, MSD was associated with short-term (within 1 month) linear growth faltering and this effect did not depend on timing of the MSD episode in an infant's first year of life. We detected a trend for a short-term association between any diarrhea and linear growth. Cumulative burden of any diarrhea or of MSD was not associated with linear growth attainment at 12 months. These findings are consistent with literature showing variable relationships between diarrhea and linear growth and suggest that interventions targeting MSD may have the most impact on growth.

In this study population, the short-term (within 1 month) relationship between diarrhea and linear growth depended on the severity, but not timing of diarrhea. We found that an episode of MSD was associated with a decline of 0.15 standard deviations in LAZ relative to the 0.05 decline found with diarrhea of any severity. Other studies found prolonged and persistent diarrhea \[[@pone.0235704.ref008]\], and medically attended diarrhea (both MSD and less severe diarrhea (LSD)) to be associated with subsequent linear growth faltering \[[@pone.0235704.ref036]\] but not community diarrhea \[[@pone.0235704.ref013]\]. MSD may operate through several mechanisms to influence linear growth. Diarrhea, including MSD, leads to acute weight loss due to both fluid and nutrient loss \[[@pone.0235704.ref006],[@pone.0235704.ref010],[@pone.0235704.ref011]\] and as a child recovers weight following the illness, linear growth may slow \[[@pone.0235704.ref037]\]. Alternatively, diarrhea may have a direct effect on linear growth through reducing insulin-like growth factor-1 levels \[[@pone.0235704.ref038]\] or environmental enteric dysfunction \[[@pone.0235704.ref039]\]. Diarrhea etiologies appear to have a unique relationship with subsequent LAZ \[[@pone.0235704.ref012]\] and therefore could explain why we observed MSD to have a stronger relationship with growth than any type of diarrhea. Children with MSD (or the characteristics of MSD such as dysentery, hospitalization, and/or dehydration) might be the appropriate population to target for nutritional interventions. Children with more severe diarrhea are also more likely to seek care for diarrhea \[[@pone.0235704.ref040]\] therefore targeting interventions to health-facility attended diarrhea may result in the greatest improvements in diarrhea-related linear growth faltering.

Repeated diarrhea infections, in combination with inadequate nutrient intake, systemic inflammation, and impaired intestinal absorption are commonly thought to contribute to the cycle of malnutrition and linear growth faltering \[[@pone.0235704.ref009],[@pone.0235704.ref011]\]. However, we did not observe such an effect. Our results are consistent with results from the MAL-ED cohort study \[[@pone.0235704.ref012],[@pone.0235704.ref013]\], but contrasted with earlier cohort studies finding an association between diarrhea and height attainment at 24 months \[[@pone.0235704.ref010],[@pone.0235704.ref019]\]. Cumulative diarrheal burden may only be associated with linear growth past a particular threshold of diarrheal episodes, or the cumulative effect may only become evident after the cessation of breastfeeding and into the second year of life, when the prevalence of stunting peaks \[[@pone.0235704.ref041]\]. Alternatively, cumulative burden may only have an impact on linear growth if subsequent episodes are clustered together in time. Some evidence suggests that infants may experience some linear growth decline following a diarrheal episode, but experience linear growth catch-up in the absence of additional diarrheal insults \[[@pone.0235704.ref011]\]. Therefore, cumulative diarrheal episodes separated by sufficient diarrhea free periods may not have long-term impacts on linear growth.

The infants in this cohort represent a particularly vulnerable group of children. HEU infants may be at increased risk for diarrhea due to in-utero HIV-exposure and subsequent immunosuppression or as a result of increased enteric pathogen exposure from living with HIV-infected household members. Prevention of early diarrhea among HEU infants, through improvements in maternal health, may substantially reduce subsequent linear growth faltering in this vulnerable population \[[@pone.0235704.ref042],[@pone.0235704.ref043]\]. Alternatively, there may be other etiologies of linear growth faltering in this vulnerable population that attenuate the contribution of diarrhea to linear growth.

This study had several notable strengths. The use of multiple statistical models allowed us to assess several aspects of the relationship between diarrhea and linear growth. The longitudinal analysis reduces bias due to reverse causality. The cohort included a large number of HEU infants, a representative population of children vulnerable to both diarrhea and growth faltering. In addition, data collection was systematic and allowed for analysis of multiple social, demographic and biological exposures. However, our study had limitations. Data was not originally collected to address hypotheses related to diarrhea and linear growth. Monthly ascertainment of diarrhea morbidity may have under-ascertained diarrhea episodes and may have been limited by recall bias, particularly for less severe episodes \[[@pone.0235704.ref040]\]. In addition to under-ascertainment of diarrhea, the study population experienced lower rates of linear growth faltering than expected. This could have decreased statistical power, particularly after adjusting for potential confounders, decreasing our ability to detect associations. The parent cohort was recruited prior to widespread maternal ART, cotrimoxazole prophylaxis for HEU infants, and childhood rotavirus vaccination which may influence both diarrhea and linear growth. However, our results provide important mechanistic insights regarding the relationship between diarrhea and linear growth.

In summary MSD was associated with short-term linear growth faltering among HEU infants. Diarrhea severity may play an important role in the relationship between diarrhea and subsequent linear growth. Targeted nutritional interventions for infants with MSD, alongside current prevention and treatment strategies may protect against linear growth faltering in HEU infants. This population represents a particularly vulnerable and growing population in whom reductions in linear growth faltering could have an impact on the global burden of stunting.

Supporting information {#sec014}
======================

###### 

(DOCX)

###### 

Click here for additional data file.

###### 

(PDF)

###### 

Click here for additional data file.

We would like to thank the mothers and children who participated in the study, as well as the research personnel, clinic staff, and data management teams in Nairobi Kenya and Seattle, who made this study possible. We thank the University of Nairobi and Kenyatta National Hospital for support in conducting the parent study and providing administrative and physical infrastructure.

10.1371/journal.pone.0235704.r001

Decision Letter 0

Khatab

Khaled

Academic Editor

© 2020 Khaled Khatab

2020

Khaled Khatab

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Transfer Alert {#sec015}
==============

This paper was transferred from another journal. As a result, its full editorial history (including decision letters, peer reviews and author responses) may not be present.

21 May 2020

PONE-D-20-04710

 Moderate-to-severe diarrhea is associated with short term declines in linear growth among HIV-exposed, uninfected infants

 PLOS ONE

 Dear Dr Deichsel,

 Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Regarding the methods, more details & clarifications are still needed, including of who collected the data and what equipment was used, and was there any kind of inclusion/exclusion criteria considered in collecting data.The discussion section should compare the current results with similar previous studies to draw similarities and distinctions with those other works.The strength and limitations of this study should be added and what this study added to the current knowledge.

For more details, please also review the reviewer\'s comment below.

Please submit your revised manuscript by 5th of July, 2020. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

 Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

 We look forward to receiving your revised manuscript.

 Kind regards,

 Professor Khaled Khatab, PhD.

 Academic Editor

 PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: I Don\'t Know

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I commend the authors for the wonderful job of writing the article not only is scientifically sound but also innovative and a reflection of authors expertise and knowledge in the wider subject areas. However, there are few issues with regards for clarity in the study\'s objectives, research questions, motivation and other aspects of the manuscript. I have outlined some of my concerns in the attachments accompanying this review.

Reviewer \#2: Abstract: It would be worth highlighting in the conclusion that the effect on linear growth was not significant at 12 months.

Introduction: Clearly supports the need for further investigation into this issues and justifies the population group used for this paper.

Methods: Very detailed description of the statistical approaches used in this secondary analysis. Aspects that might be important to include would be details of who collected the data and what equipment was used, particularly with reference to the length as this is highly pertinent to the paper. Similarly, parental reported diarrhoea; how was this standardised as experience suggests that perceptions of what is/isn\'t diarrhoea vary greatly between individuals.

Results: These are clearly presented and supported by the figures and tables. Table 2 - why is analysis adjusted for at least 3 months exclusive breast feeding when the WHO recommend 6 months?

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

###### 

Submitted filename: Reviewer Comments-Moderate-to-severe diarrhea is associated with short term declines in linear growth.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0235704.r002

Author response to Decision Letter 0

17 Jun 2020

Responses to reviewer's comments on the article titled: "Examining the relationship between diarrhea and linear growth faltering among HIV-exposed, uninfected infants"

Reviewer 1

1\. Comment Under Methodology/Principal Findings, Lines 9-10: Any diarrhea was associated with a trend for LAZ decline (adjusted difference \[AD\]: 0.05, 95% CI: -0.11, 0.01, p=0.096). How is your claim supported by your results with both CI and p-value showing lack of statistical significance?

Response: We were interpreting a p-value of less than .05 as a trend toward significance but recognize this may not be standard practice. We have removed this sentence from the abstract.

2\. Comment: Abstract Lines10-12: Linear growth outcomes were not predicted by cumulative episodes of diarrheal or MSD, or timing of diarrheal during infancy. Under Author Summary-Lines 5-6: Severity of diarrhea, cumulative burden of episodes, and timing of diarrhea during infancy may influence the relationship between diarrhea and linear growth. Observed seeming contradictory claims!

Response: The first sentence Lines 10-12 summarizes the results from the analysis. The second sentence lines 5-6 in the author summary describes the background and hypothesis for the analysis. We added a semicolon to more clearly link these two sentences.

" Studies examining the associations between childhood diarrhea and linear growth have yielded differing results; severity of diarrhea, cumulative burden of episodes, and timing of diarrhea during infancy may influence the relationship between diarrhea and linear growth"

3\. Comment: Under Author Summary; Lines 6-8: 'Children who are born to women living with HIV, who are HIV exposed but uninfected (HEU) have poorer growth and more infectious illnesses compared to infants born to mothers without HIV infection' Which aspects of the analysis results justifies this conclusion?

Response: This sentence in the author summary is background information to put our study in context of previous research and is cited in the background section. We acknowledge that this study is unable to assess the relationship between HEU and growth because we did not have a comparison group of children without HIV exposure.

4\. Comment: Under statistical analysis, in para 5 lines 9-10: ".......exclusive breastfeeding, and maternal education (\> vs ≤ primary education)." It appears something is missing in the parenthesis.

Response: Thank you for noticing this. We changed this sentence to say ".......exclusive breastfeeding, and maternal education (\> primary vs ≤ primary education)."

5\. Comment: The research questions, motivations and objectives of the study are apparent unclear. There is need for understanding of those three vital elements of any research by the readers.

Response: We thank the reviewer for this comment and the opportunity to clarify. Our primary objective of this analysis is to elucidate the relationship between diarrhea and growth within a population of children at high risk of growth faltering. Our research was motivated by heterogeneity in the literature of the effect of diarrhea on growth which makes targeting interventions difficult. We hypothesized that the severity of diarrhea, total burden of diarrhea and the timing of the diarrhea could result in differing relationships between diarrhea and growth.

We edited the introduction to improve clarity. Research question, motivation and objective are outlined below.

Research question: "We hypothesize diarrhea severity \[8\], burden \[18,19\], and timing of diarrhea \[11,20\], may explain differences in the diarrhea and linear growth relationship seen in observational and interventional studies."

Motivation: "Diarrhea disease has long been investigated as a potential cause of stunting with evidence that diarrhea leads to weight loss and eventually linear growth faltering in the absence of sufficient illness-free periods with adequate nutrition to support catch-up growth \[6--11\]. Results from a robust cohort study found limited effect of childhood diarrhea on linear growth \[13\] and interventional studies testing treatment and prevention of diarrhea to improve linear growth have had mixed results \[14--17\]."

Objective: "Utilizing data from a birth cohort of HEU infants from Nairobi, Kenya, we aimed to determine the effect of diarrhea severity, burden, and timing on linear growth."

6\. Comment: Can the outcomes of this study, given its limited scope to Nairobi be a true reflection or generalization of the Kenyan' situation on the subject matter?

Response: The reviewer brings up an important point. The study population is from an urban setting in Kenya prior to widespread ART during pregnancy or cotrimoxazole prophylaxis for HEU infants. This population may not be generalizable to HEU infants throughout Kenya and we had added language to clarify this point. We do believe these results provide mechanistic insights regarding the relationship between diarrhea and linear growth that may be generalizable to other populations of vulnerable children.

7\. Comment: I am concerned with the study title in its lack of capturing smartly, the central goal of the study. Plausible suggestions:

i\. Effects of Diarrhea Incidence on the linear growth in children: Evidence from Kenya

ii\. Effects of Diarrheal on Linear Growth among HIV-exposed uninfected Infants, in Namibia, Kenya

iii\. Examining Relationship between diarrheal and linear growth faltering among HIV-exposed, uninfected infants

Response: We appreciate the suggestions for changing the title and have changed the title to be "Examining the relationship between diarrhea and linear growth in Kenyan HIV-exposed, uninfected infants" to use the reviewer's third suggestion. Thank you!

8\. Comment: What are the distinguishing features of this study from the exiting literature in the research bias?

Response: We believe the distinguishing features of this study is the assessment of multiple indicators of diarrhea within the same study and their respective associations with linear growth using longitudinal data from a vulnerable population. We added the following sentences in the strengths and limitation sections to clarify.

"The use of multiple statistical models allowed us to assess several aspects of the relationship between diarrhea and linear growth in the same paper. The longitudinal analysis reduces bias due to reverse causality."

Reviewer 2

Comment: Why is analysis adjusted for at least 3 months exclusive breast feeding when the WHO recommend 6 months?

Response: In Table 1 you will note that the median duration of exclusive breastfeeding in this study population was only 2 months. We believe this is in part due a reflection of the rapidly changing guidelines for breastfeeding among women living with HIV during the time period of this study. We wanted to adjustment for potential confounding of excusive breastfeeding on the relationship between cumulative diarrhea and linear growth attainment. Because only 1% of women excusivly breastfed for 6 months we believed it was not a sufficient adjustment for excusivle breastfeeding. We decided to used the 75th percentile of diarrhea duration which was 3 months. We included this detail in the manuscript to improve clarity. The methods section now reads:

"To estimate the cumulative burden of diarrhea in the first 11 months on LAZ at 12 months, we used linear regression models adjusted for LAZ at birth, household crowding, exclusive breastfeeding for the first three months of life (75th percentile for exclusive breastfeeding duration), and maternal education."

Editors comments

Comment: Regarding the methods, more details & clarifications are still needed, including of who collected the data and what equipment was used, and was there any kind of inclusion/exclusion criteria considered in collecting data.

Response: We added information to the methods section clarifying that study staff collected all data using standardized procedures and data collection forms. We also included the use of a length board to measure infant length. Eligibility criteria for pregnant women in the larger study in which this analyses was nested included that they were HIV-seropositive, age ≥18 years, gestation ≤32 weeks, and willing to adhere to scheduled infant blood samplings for at least 1 year. Exclusion criteria for infants in the present analysis are described in the statistical analysis section:

"Singleton or firstborn twin infants with documentation of sex, at least one negative HIV DNA polymerase chain reaction (PCR) test, and at least two recorded length measurements were included in the present analysis."

Comment: The discussion section should compare the current results with similar previous studies to draw similarities and distinctions with those other works.

Response: We appreciate the editors comment to compare results with additional studies. We have included the following two sentences to further compare results with the other works, for example.

"Our results are consistent with results from the MAL-ED cohort study \[13,14\], but contrasted with earlier studies finding an association between diarrhea and height attainment at 24 months"

Comment: The strength and limitations of this study should be added and what this study added to the current knowledge.

Response: Please find a strengths and limitations section in the discussion section on pg 13 and 14.
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